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METHOD FOR DEPOSITING NITRIDE FILM USING CHEMICAL VAPOR 
DEPOSITION APPARATUS OF SINGLE CHAMBER TYPE 

Technical Field 

5 The present invention relates to a method for depositing a nitride film 

using a chemical vapor deposition apparatus of single chamber type, and more 
particularly to a method for depositing a nitride film that is capable of depositing 
the nitride film with a different thickness for each region of the nitride film using 
one chemical vapor deposition apparatus of single chamber type. 

10 

Background Art 

Generally, a semiconductor device is completed by forming various pattern 
regions, such as a device separation film, an interlayer isolation film, an electric 
conduction film, a contact, etc. on a surface of a semiconductor substrate. The 

15 interlayer isolation film is formed of a silicon oxidation film or a nitride film 
(SixNy) such as a PSG (Phosphorus Silicon Glass), a BPSG (Boron Phosphorus 
Silicon Glass), an USG (Undoped Silicon Glass), etc. Here, the nitride film 
serves as an interlayer isolation film. In addition, the nitride film may be used as 
an etching stopper film in an etching process, a barrier film for preventing any 

20 damage of a lower film in a chemical mechanical polishing (CMP) process, a 
barrier film in formation of a minute pattern such as a self-aligned contact, or a 
material film for performing a variety of functions, such as an oxygen diffusion 
prevention film for preventing any diffusion of oxygen into a semiconductor 
substrate in a device separation process. 

25 Moreover, in manufacturing a DRAM (Dynamic Random Access 
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Memory) devise with a property of data volatility, a metal being a iow resistance 
m a.erial is nsed as material of word and bit lines to comply a minute pattermng 
trend dne to a reduced design rule and to further improve read/write rates for data, 
instead of a conventional tungsten silicide or a doped silicon. To prevent heavy 
5 metal contamination and thermal transformation of a meta. material, which are 
caused by such a change, i, is subject to a low thermal bundle process. Even m 
this process, the nitride film is used as a barrier film. 

Such a nitride film is generally deposited by a thermal CVD (chemical 
vapor deposition) process using a CVD apparatus of (urnace type or by a PECVD 
10 (Piasma enhanced CVD) process using a plasma enhanced CVD apparatus of 

single chamber type. 

A. this time, In case of forming the nitride film using the thermal CVD 
apparatus, mere is an advantage in that a loading effect and a surface roughness 
characteristic are excellent, resulting in a good step coverage, whereas mere is a 
15 drawback in that a thermal bundle is generate* in a wafer due to a long time 
exposure of the wafer to a high temperature, resulting in a degraded electnc 
. characteristic due to a deterioration of an electric characteristic and a meta, 
electrode of a device produced on the wafer. 

On the contrary, in case of depositing a nitride film using the plasma 
20 enhance* CVD apparatus, mere is an advantage in that since the nitride film is 
formed under a low temperature atmosphere, a generation of the thermal bundle 
can be minimized, whereas there is a drawback in that it is impossible to depostt 
the nitride film when a step is formed because a loading effect and a step 
coverage characteristic are no. good, and a quality of tire nitride film is degraded 
25 compared to the thermal CVD process due to an existence of the plasma. 
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Meanwhile, in forming a srnail ecn,ae« of a large seaie ingestion 

process using a plasma, and the like is ,o be performed after a spacer is deposed, 
I needs a prof, of a nitride fflm 1 with an upper region of a larger thtckness 
. compared .0 thickness B of the side regions or thickness C of the lower region, as 
shown in Fig. 1. 

taving an excellent step coverage. Thereafter, a second thick nitride film 2h ,s 
10 aeposited on a surface of the first nitride film ,a as shown in Pig. 2b hv moving 
wafer Urto the plasma enhanced CVD apparams such that a profile is ohtamed 
m wh ich a thickness of the upper region of me nitride film is larger compared to 
that of each of the side regions and the lower region. 

15 presses because, in order to form the nitride film with a larger thickness at the 
upper region thereof compared to those of the side regions and under region, the 

wafer using, as a fust CVD apparatus, a therma, CVD apparatus with an exceUent 
st ep coverage characteristic, and then must be, in a further process, formed wdh a 
20 ,arger thickness at the upper region using, as a second CVD apparatus, another 
CVD apparatus (i.e., a plasma enhanced CVD apparatus with a high installation at 
a top region). 

generated due to the thermal CVD process in high temperature, is moved from the 
25 themta, CVD apparatus to the plasma enhanced CVD apparatus, it - 
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contaminated by impurities in air. 

Accordingly, in the technical field of the present invention, there is a need for a 
method for depositing a nitride film with a different thickness for each region thereof in 
one CVD apparatus while further simplifying the process. 

piscjosure of Invention 

The present invention has been made to enhance the aforementioned problems, 
and it is an object of the present invention to provide a method for depositing a nitride 
film with a different thickness for each region using one CVD apparatus. 
0 It is another object of the present invention to provide a method for depositing a 

nitride film that is capable of depositing a nitride film with a larger thickness at the upper 
region thereof compared to those of the side regions or the lower region. 

It is yet another object of the present invention to provide a method for 
depositing a nitride film with a different thickness for each region while minimizing a 
15 generation of a thermal bundle and simplifying a process. 

In accordance with one aspect of the present invention, the above and other 
objects can be accomplished by the provision of a method for depositing a nitride film 
using a chemical vapor deposition apparatus of single chamber type comprising a 
process chamber comprising a inlet gas line through which process gases are introduced; 
20 a shower head for spraying the introduced process gases; a heater on which a wafer is 
placed; and a vacuum port for discharging the process gases, the method including: a 
first deposition step of depositing a first nitride film by performing a first nitride film 
deposition process while a mixture ratio of the ammonia (NHS) gas and the silane 
(SiH4) gas, which are the process gases, injected in order to first deposit the nitride film 
25 is maintained in 100:1 or more; and a second deposition step of depositing a second 
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nitride film on a surface of the first nitride film in-situ by maintaining the mixture ratio of 
the anmonia gas and the silane gas in 100:1 or less in order to secondly deposit the nitride 
fita, after depositing the firs, nitride film, such that the nitride film has a latger thickness 
at the upper tegion of the nitride film compared to those of the side regions and the lower 
5 region thereof. 

It is desirable that the ammonia gas is maintained in the range between about 50 
and 3000 SCCM, and the silane gas is maintained in the range between about 2 and 40 
SCCM. Moreover, it is desirable that a pressure in the chamber is maintained in the 
range between 10 and 350 torr, and a temperature in the chamber is maintained in the 
10 range between 600 and 800°C. And, it is desirable that a nitrogen (N 2 ) gas, which is a 
tey gas for diluting the silane and ammonia gases, is maintained in the range between 

about 100 and 10000 SCCM. 

In accordance with another aspect of the present invention, a mixture ratio of the 
ammonia (NH 3 ) gas and the silane (SiH,) gas, which are the process gases injected in 
15 € ^toto^*^^*«*« M ** 1 ormoreto50:1 ^suchthat 
the nitride film is deposited by single process with a larger thickness at the upper region of 
the nitride film compared to those of the side regions and lower region thereof. 



ttrief Description of tb * Drawings 

The above and other objects, features and other advantages of the present 
invention will be more clearly understood from the following detailed description 
taken in conjunction with the accompanying drawings, in which: 

Figs. 1 to 2b illustrate profiles of a nitride film deposited by a conventional 
method for nitride film deposition; 



20 
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Fig 3 is illustrates a CVD apparatus of single chamber type by which a 
met hod for deposit*, a nitride - according to an embodiment of the present 

invention is performed; 

Fi g. 4 is a graph iUustraung a tendency of a step coverage dependent on a 

5 mixture ratio of process gases injected for nitride fUm deposition; 

Fig , 5 to 7 iUustrate step coverage characteristics of a nitride fUm 
dependent on the mixture ratio of process gases as shown in Fig. 4; and 

Figs sa to Se are cross-sectional views illustrating states of a wafer on which a 
mtri de turn is deposited through a preferred embodiment according m the present 



10 invention. 



Bestaodefor Carrying Ouyhelnyention 

ZZ^^^^ d method for depositing a 

which is capable of depositing - — * - * ~ ^ " ^ 

cham bertype. Here^.eprese. — -.^^-^ 
way ofpreferredem*^ 

•*M,'fflm according to an embodiment of the present invention, 
method for depositing a nitride film accoraing 

n . , the rVD apparatus consists of a process chamber 10, an inlet 
no Referring to Fig. 3, the CVD apparai 

„ W 14 for spraying process gases, a ceramic heater 16 on which a 
gas line 12, a shower head 14 for spraying v 

- 1 a for supporting the heater 16, a vacuum port 20 for 
wafer is loaded, a heater support 18 for supporting 

ete The wafer 22 is loaded on the top of the heater 16 
discharging the process gases, etc. lhe waier 
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so that a nitride film is deposited. 

In the present invention, in forming the nitride film on a surface of the wafer 
using the CVD apparatus of single chamber type as described above, adjustment is done 
as to a mixture ratio of the process gases that are injected into the process chamber 10, 
5 such that the nitride film is deposited on the surface of the wafer 22 with a different 
thickness for each region of the nitride film. 

Fig. 4 is a graph showing tendency of a step coverage according to a mixture 
ratio of the process gases injected to deposit the nitride film. 

Referring to the graph, The X-axis indicates a mixture ratio of an ammonia 
10 (NH 3 ) gas and a silane (SHfc) gas, which are process gases applied to the nitride 
deposition, while the Y-axis indicates the step coverage tendency of the nitride film 
dependent on the mixture ratio of the process gases. 

As seen from the graph, the step coverage characteristic is excellent, which 
represents a thickness ratio of the nitride film deposited on sides and top of a contact 
15 hole as the ratio of the ammonia in the process gases is relatively large, while the step 
coverage characteristic of the nitride film is degraded as the ratio of the ammonia in the 
process gases is relatively small. That is, the nitride film is deposited with a similar 
thickness at each of the sides and top of the contact hole as the ammonia ratio is large, 
whereas the nitride film is deposited with a larger thickness at the top of the contact hole 
20 compared to those of the sides thereof as the ammonia ratio is small. 

Figs. 5 to 7 illustrate changes in a deposition thickness of the nitride film 
. practically deposited on the wafer with the mixture ratio of the ammonia and silane 

gases as shown in Fig. 4. 

First, Fig. 5 is a view ulustrating a deposited nitride film 30 when a mixture ratio 
25 o fthearnmomaandthesUaneisabout2000:5 ormore(©mtervalinFig.4). As seen 
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from the Figure, the nitride film is deposited with a similar thickness at each of the sides 

and top of the contact hole. 

Fig. 6 is a view illustrating a deposited nitride film 40 when the mixture ratio of 
the ammonia and the silane is about 500:20 or more to about 2000:5 or less «Z> interval 
5 in Fig. 4). As seen from the Figure, the nitride film is deposited with a larger thickness 
at the top of the contact hole compared to those of the sides thereof. 

Fig. 7 is a view illustrating a deposited nitride film 50 when the ammonia and the 
silane are mixed with a mixture ratio of about 30: 20 or more to about 500: 20 or less «3> 
interval in Fig. 4). As seen from the Figure, the thickness of the nitride film at the top 
10 of the contact hole is much larger compared to those of others, which may cause an over- 
hang. 

The method for depositing the nitride film will be herein described in connection 
with Figs. 8a to 8e, which uses the fact that the thickness for each region of the nitride 
film is varied with the mixture ratio of the ammonia and the silane, which are the process 
15 gases. Figs. 8a to 8e are cross-sectional process views for explaining the method for 
depositing the nitride film according to an embodiment of the present invention. 

Referring first to Fig. 8a, a landing pad 102 is formed on the surface of the 
semiconductor substrate 100 in which a transistor (not shown) has been formed, and then 
a first interlayer isolation film 104 is coated onto the entire surface of the substrate. 
20 Thereafter, a bit line 106 made of a conductive material, such as a silicide, and a nitride 
film mask 108 that functions as a hard mask with respect to the bit line 106 are 
sequentially formed on the top of the semiconductor substrate 100 on which the landing 
pad 102 has been formed. Then, a nitride spacer 110 is formed at the sides of the bit 
line 106 and the nitride mask 108. 
25 A second interlayer isolation film 112 is entirely formed on the top of the 
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result object formed as above, and a contact hole 114 is formed through a typical 
aching process so mat the surface of the landing pad 102 is exposed (refer to Fig. 8b). 

Thereafter, through the processes as shown in Figs. 8c and Id. the and 
second nitride films are deposited so ft* a nitride film, which is adapted lo Sanction as 
an etch barrier film, is deposited onftte entire surface of the semiconductor substrate 110 
in which the contact hole 114 has been formed. 

A, this time, in performing the nitride film deposition process, the ammonia 
CNH,) gas is maintained in the range between about 50 and about 3000 SCCM (Standard 
Cubic Centimeter per Minute), and the silane gas (SiH.) is maintained in the range 
0 between about 2 and about 40 SCCM. Also, the nitrogen <H> gas, which is used as a 
te, gas for diluting the silane and ammonia gases, is maintained in the range between 
about 100 and about 10000 SCCM, the process temperature is maintained in the range 
between about 600 and about 800'C, and the pressure in the chamber is maintained in 
the range between about 10 and about 350 torr. 
15 Referring firs. «o Fig. 8c, there is shown a process for depositing the first nitride 

fflm 116 adapted to funotion as the etch barrier film. Tne firs, nitride film 116 with an 
excellent step coverage characteristic is formed by depositing the firs, nitride film wiflt a 
uniform flnckness on tire surface of tire semiconductor substrate 100, on which .he 
comae hole 114 has been formed, through a mixuue of tire ammonia and tire silane a. a 

20 ratio of about 100:1. 

Subsequently, as shown in Fig. N. in order to deposit the nitride film wiflt a 
.arger thickness only a, tire <op of Are second interlayer isolation film 112 in which tire 
contact hole 114 has been formed, a second nitride film process continues to be 
performed mrough in-sita in flre chamber wiflt respect .0 the top of me semiconduCor 
25 substtate 100 on which flre firs, nitride film 1 16 has been deposited. 
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That is, the second nitride films 1 18 is deposited so that the nitride film is formed 
with a larger thickness at the top of the second interlay er isolation film 112 compared to 
those of the area of the contact hole 1 14 by maintaining the mixture ratio of the ammonia 
(NH 3 ) gas and the silane (SiR*) gas to be 100:1 or less, while the semiconductor 
5 substrate 100, on which the first nitride film 116 has been deposited, is loaded on the 
heater 16. 

Thus, if the nitride film is to be formed with a larger thickness at the top of the 
second interlay er isolation film 112 compared to others, the process of two steps is 
applied for depositing the first and second nitride films 116 and 118 using respective 
10 process gases mixed in the mixture ratios of the ammonia gas and the silane gas being 
100:1 or more and 100:1 or less, respectively, as shown in Figs. 8c and 8d. 

The first and second nitride films 116 and 118 deposited through the process of 
two steps are differentially denoted by a dotted line as shown in Fig. 8d. 

Meanwhile, although not shown in the figure, in addition to the process of two 
15 steps as described above, the nitride film may be formed with a larger thickness at the 
top of the second interlayer isolation film 112 compared to others, even with a single 
process for depositing the nitride film by maintaining the mixture ratio of the ammonia 
gas and the silane gas to be 5:1 or more to 50:1 or less. In other words, it is possible to 
form the nitride film with a larger thickness at the top of the second interlayer isolation 
20 film 112 compared to the area of the contact hole 114 to be the structure as shown in Fig. 
8d even with the single process. 

After the top area of the second interlayer isolation film 112 is thus deposited 
with the nitride film of the larger thickness as compared to the area of the contact hole 
114, the contact portion (i.e., a bottom portion of the contact hole 114) is opened through 
25 the dry etch so that the lower electrode 102 and the plug electrode 120 are electrically 
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^econt.o.to^hoto.asin.heconv^dep^do.me.hod. 

conductive material onto the semiconductor substrate on which the nitride ^^^ a ^|^^ 

, , ^^nn contisuous to a lower landing pad is 
5 shown in Fig. 8e. Thereafter, a plug electrode 120 contiguo 

5 shown in B Qurh as a chemical mechanical polishing 

formed by carrying out a planarization process, such as a chemi 

At this time a damage of the second interlayer 
process or a blanket etching process. At this time, a 

isolatio n film M — g a bi, Hne, upon the P ,— P ro^ 
10 isolation film. 

Moreover, sincere Btti de nhn is deposed with a iar.e thrOme, only atthetop 
contact hole, thereby forming a complete plug wiuiou. general a votd. 

15 Tnmirr— 1 Applicability 

^"^rt, to case that a nitride film U to be formed wtth larger 

„ at the top of the second interlayer iso.ation ftlm compared to others^ 

. characteristic, and then the resultant substrate is moved 
excellent step coverage characteristic, ,„, mit i ne 
,, „A CVD apparatus to be subject to a process for depositmg 
20 into a plasma enhanced CVU appara 

fi.m at the top of the second interlayer isolation film, 
the second thick nitride film at the top 

h ,ams that since the first nitride film is deposited and then 
Thus there are problems tnai siu^ 

' ' u ♦ ♦ i, moved into another CVD apparatus, process delay and error 
resultant substrate is moved mio <u 

• fln d also two or more types of CVD apparatuses are 
rate increase are arisen and also two o 

25 needed. 
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However, in the present invention, the mixture ratio of the reaction gases is 
adjusted through one CVD apparatus of single chamber type. It result that, after 
the first nitride film is formed, the second nitride film can be formed in-situ in the 
same CVD apparatus. Accordingly, error rate during the wafer movement can 
5 be reduced and any separate CVD apparatus is not required, thereby decreasing a 
work space. 

As described above, the present invention has advantages in that —it can be 
carried out by simply adjusting a mixture ratio of the process gases using one 
chemical vapor deposition apparatus of single chamber type, and it is possible to 
10 manufacture a semiconductor device with a excellent quality, in which steps of 
the process are simplified and problems such as a thermal bundle is not arisen. 
Here, because one chemical vapor deposition apparatus of single chamber type is 
used, there is no need for a LPCVD process of high temperature, resulting in a 
minimized thermal bundle. 
15 What has been described is only descriptive of a method for depositing the 

nitride film by way of the preferred embodiments of the present invention, and the 
present invention is not limited to the illustrated embodiments and may cover 
various modifications that may be occurred by those skilled in the art, without 
departing from the scope and spirit of the invention as disclosed in the 
20 accompanying claims. 

In other words, while the method for depositing a nitride film with a 
different thickness for each region thereof has been described by way of the 
process of forming the plug electrode contiguous to the landing pad, the present 
invention may be applied to other processes of making a different deposition 
25 thickness for each region. 



